A new compound [Co(bipy) Cations and anions are connected via weak hydrogen bonds in which also the water molecule participates. The luminescent and electrochemical properties of the title compound have also been studied.
Introduction
Polyoxometalates (POMs) [1 -3] are an outstanding class of nanosized metal oxoanions with wide structural diversity and interesting properties that have potential applications in catalysis [4 -6] , medicine [7, 8] and materials science [9, 10] . Recently, a widespread interest in POM chemistry has focused on the modification and functionalization of polyoxoanions by transition metal complexs (TMCs) through the design and synthesis of novel hybrid compounds that bear features of both inorganic and organic components and extend the structural multiplicity and versatility of POMs. A variety of such organic-inorganic hybrid materials have been successfully prepared by using proper POMs and TMCs as building blocks [11, 12] .
In the various POMs, polyoxomolybdates are a remarkable family for their diverse structures, from the small di-, tri-, tetra-, and hexamolybdate to the medium-nuclearity octamolybdate and the [H 2 Mo 16 -O 52 ] 10− unit, finally up to the ultra-large 'lemon' shaped {Mo 368 } cluster [13] . As a ramification, the hexamolybdate anion [Mo 6 O 19 ] 2− (Lindqvist-type structure) is a classic POM. So far, many comc 2012 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com pounds based on Lindqvist-type polyoxomolybdates have been reported [14 -23] . However, among these examples, the compounds constructed with TMCs are few [14, 15, 18, 19, 21] . Therefore, it is still worthwhile to design and synthesize novel architectures.
In 3 − , but also luminescent properties.
Experimental Section

Materials and methods
All chemicals were of reagent grade and used without further purification. Elemental analyses (C, H and N) were performed on a Perkin-Elmer 2400 CHN Elemental Analyzer. The FT-IR spectra were recorded from KBr pellets in the range 4000 -400 cm −1 with a Nicolet AVATAR FT-IR360 spectrometer. TG analysis was performed on a Perkin Elmer 
Diamond TG-DTA 6300 thermal analyzer in air with a heating rate of 10 • C min −1 . A CHI660 electrochemical workstation was used for control of the electrochemical measurements and data collection. A conventional three-electrode system was used, with a carbon paste electrode (CPE) as a working electrode, a commercial Ag/AgCl as reference electrode and a twisted platinum wire as counter electrode.
Synthesis of [Co(bipy) 3 ][Mo 6 O 19 ] · H 2 O (1)
Compound 1 
X-Ray crystallography
A single crystal of 1 was carefully selected for singlecrystal X-ray diffraction analysis. Data collection was performed on a Rigaku RAXIS-RAPID equipped with a narrowfocus, 5.4 kW sealed tube with graphite-monochromated MoK α radiation (λ = 0.71073Å). The data were collected at Table 2 . Selected bong lengths (Å) for compound 1. 
76.60 (13) a temperature of 20 ± 2 • C. The data processing was accomplished with the program PROCESS-AUTO. The structure was solved by Direct Methods and refined by full-matrix leastsquares on F 2 using the SHELXTL-97 crystallographic software package. Anisotropic displacement parameters were used to refine all non-hydrogen atoms. The organic hydrogen atoms were generated geometrically. The hydrogen atoms of the water molecule in 1 could not be refined but were included in the structure factor calculation. Further details of the X-ray structure analysis are given in Table 1 . Selected bond lengths and angles are listed in Tables 2 and 3 , respectively. CCDC 783483 contains the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif.
Results and Discussion
Description of the structure
The single-crystal X-ray diffraction analysis has shown that 1 consists of one Lindqvist anion [Mo 6 O 19 ] 2− , one [Co(bipy) 3 ] 2+ cation and one water molecule (Fig. 1) 3 ] 2+ cation, the Co atom is sixcoordinated in an octahedral coordination geometry achieved by the six nitrogen atoms of the three bipy molecules with Co-N bond lengths in the range Fig. 1 (color online) . ORTEP drawing of the cation and the anion in 1 with displacement ellipsoids at the 50 % probability level. Hydrogen atoms and the interstitial water molecule are omitted for clarity. 3 ] 2+ cations via very weak hydrogen bonds (C(8)-H(8)···O(1) = 3.275(7), C(1)-H(1)···O(1) = 3.060(7) and C(8)-H(8)···O(4) = 3.372(6)Å; distances between heavy atoms) in a cubic face-centered close packing mode forming a 3D architecture with a NaCl topology, as is shown in Fig. 2 . The anions are probably further connected by hydrogen bonds between the interstitial water molecule and terminal oxygen atoms of [Mo 6 O 19 ] 2− , but the respective hydrogen atoms could not be located with sufficient precision.
IR spectrum
The IR spectrum of compound 1 (Fig. 3) at 3475 and 3115 cm −1 are associated with the water molecules.
Thermal analysis
The TG analysis of 1 (Fig. 4) 
Fluorescent properties of 1
The excitation and emission spectrum of 1 (Fig. 5 ) measured at room temperature in an aqueous solu- tion exhibits purple photoluminescence with an emission maximum at ca. 340 nm, upon excitation at ca. 305 nm. According to the previous reports [26] , the emission can be assigned to ligand-to-metal charge transfer (LMCT). This observation indicates that 1 may be a candidate for photoluminescent materials.
Electrochemical properties
The cyclic voltammetric behavior for 1-CPE (carbon paste electrode) was studied in 1 M H 2 SO 4 solution (Fig. 6) . In the potential range of −0.6 to 1.0 V, there exist three redox peaks with half-wave potentials E 1/2 at −0.30 (I-I ), +0.07 (II-II ) and +0.45 V (III-III ), which can be ascribed to redox processes of molybdenum in 1. In addition, there is one irreversible anodic peak (IV) at +0.76 V, for the one electron redox process of Co 3+ /Co 2+ [27] . As shown in the insert of Fig. 6 , when the scan rates are varied from 0.05 to 0.4 V·s −1 , the peak potentials change gradually: the cathodic peak potentials shift toward the negative direction and the corresponding anodic peak potentials to the positive direction with increasing scan rates. The peak currents are proportional to the scan rate, which indicates that the redox processes are surfacecontrolled, and the exchange rate of electrons is fast.
Electrocatalytic activity
POMs have been exploited extensively in electrocatalytic reactions and in further applications such as biosensors and fuel cells [28, 29] . Here, the reductions of hydrogen peroxide (H 2 O 2 ) and iodate (IO 3 − ) were chosen as test reactions to study the electrocatalytic activity of 1.
As ity of 1 immobilized in the CPE (see the inserts of Figs. 7 and 8) .
Normally, the electrocatalytic activity of POMs towards oxidation or reduction of substrates can be evaluated by calculating the catalytic efficiency using Eq. 1 [30] .
where Ip(POM) and Ip(POM, substrate) are the catalytic currents of the POM in the absence and presence of the substrate, respectively. To make a comparison between the 1-CPE in our work and some related molybdenum-based POM hybrids described in previous papers, the catalytic efficiencies of Mo-based modified electrodes for the reduction of hydrogen peroxide and iodate were calculated and listed in Table 4 . Ip values were obtained from peak I of Fig. 7 and peak III of Fig. 8 at scan rates of 0.05 V s −1 . As can be seen in Table 4 , the catalytic efficiency for 1-CPE is much higher than that of reported Mo-based modified electrodes for the reduction of hydrogen peroxide and iodate. These results suggest that 1 has potential applications in the detection of hydrogen peroxide and iodate.
Conclusions
In summary, a new Lindqvist polyanion-based hybrid compound with a 3D architecture having NaCl topology has been synthesized under hydrothermal conditions. Since the hydrothermal synthesis appears to be a powerful method for obtaining new compounds of this type, we will focus on expanding this method to construct other compounds.
